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A method of searching for and installing a software product
on a device is provided. One or more capabilities needed by
the device to be served by a software product are determined.
The one or more capabilities needed by the device are com-
municated from a software life cycle management agent on
the device to a yellow pages agent outside the device, the
communicating comprising formulating a request compris-
ing a list of the capabilities encoded in a description language
that defines the capabilities semantically. Then locations of
one or more software products matching the one or more
capabilities needed by the device may be received from the
yellow pages agent. One of the one or more software products
to install may be selected based on automatically evaluated
criteria. Then the selected software product may be down-
loaded using its received location, and the selected software
product may be installed on the device.
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METHOD, DEVICE, AND PROGRAM
STORAGE DEVICE FOR AUTONOMOUS
SOFTWARE LIFE CYCLE MANAGEMENT

TECHNICAL FIELD

This application relates generally to software development
and testing. More particularly, this application relates to an
agent for autonomous software life cycle management.

BACKGROUND

Software life cycle management refers to the governance,
development, and maintenance of computer software. Spe-
cifically, it typically encompasses requirements manage-
ment, software architecture, computer programming, soft-
ware testing, software management, change management,
product management, and release management. The “life
cycle” referred to involves the complete life of a software
product, from design stages to distribution and release to
maintenance.

While certain aspects of software life cycle management
have been automated, it is still a largely manual process. For
example, when testing computer software, a developer may
utilize testing tools to help create test scenarios for the soft-
ware, but the decisions as to which environments and con-
figurations/settings to test are determined by a human. Fur-
thermore, while tools exist to aid in update management, such
as an automated tool that checks for an updated version of a
software product every time the software product is run, such
update management tools are limited in that they are only able
to make a determination as to whether to update one particular
software product with a newer version of the same software
product. They are unable to, for example, determine when a
different software product may be appropriate based on
changed needs and/or changed capabilities of various soft-
ware products.

BRIEF DESCRIPTION OF DRAWINGS

The present disclosure is illustrated by way of example and
not limitation in the figures of the accompanying drawings, in
which like references indicate similar elements and in which:

FIG. 1 is a block diagram illustrating a system in accor-
dance with an example embodiment.

FIG. 2 is a flow diagram illustrating a method, in accor-
dance with an example embodiment, for searching for and
installing a software product on a device in accordance with
an example embodiment.

FIG. 3 is a flow diagram illustrating a method, in accor-
dance with an example embodiment, for preparing a list of
needed capabilities of a device.

FIG. 4 is a flow diagram illustrating a method, in accor-
dance with an example embodiment, for finding matching
software products at a yellow pages agent.

FIG. 5 is a flow diagram illustrating a method, in accor-
dance with an example embodiment, for determining that
software products matching the needed capabilities were
found by the yellow pages agent and that it is a good time to
install one or more of the software products found by the
yellow pages agent.

FIG. 6 is a flow diagram illustrating a method, in accor-
dance with an example embodiment, of installing a software
product using a white pages agent.

FIG. 7 is a sequence diagram illustrating a method, in
accordance with an example embodiment, for searching for
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and installing a software product on a device in accordance
with an example embodiment.

FIG. 8 is a block diagram illustrating a mobile device,
according to an example embodiment.

FIG. 9 is a block diagram of a machine in the example form
of a computer system within which instructions may be
executed for causing the machine to perform any one or more
of the methodologies discussed herein.

DETAILED DESCRIPTION

Overview

The description that follows includes illustrative systems,
methods, techniques, instruction sequences, and machine-
readable media (e.g., computing machine program products)
that embody illustrative embodiments. In the following
description, for purposes of explanation, numerous specific
details are set forth in order to provide an understanding of
various embodiments of the inventive subject matter. It will
be evident, however, to those skilled in the art that embodi-
ments of the inventive subject matter may be practiced with-
out these specific details. In general, well-known instruction
instances, protocols, structures, and techniques have not been
shown in detail.

In an example embodiment, an autonomous software life
cycle management agent is provided with the technical effect
of enabling the self-testing, self-healing, self-reporting, and
self-configuration of a software product. Working through an
autonomous agent on a device, the device is able to self-
describe its needs to software providers. Upon getting
informed about available software that addresses the
described needs of the device, the device is able to download
software (either immediately or scheduled for a later time).
The device is also able to automatically test software features
in a sandbox and make a decision as to whether to install the
software. If such as decision is affirmative, then the device is
able to self-install the software. A sandbox is a testing envi-
ronment that isolates untested code changes and experimen-
tation from a production environment or repository. Sand-
boxes typically replicate at least the minimal functionality
needed to accurately test the programs or other code under
development (e.g., usage of the same environment variables
as, or access to an identical database to be used by, the stable
prior implementation intended to be modified).

Traditionally software life cycle management is performed
by a human user manually downloading software, installing it
on a device (either a target device or a replica device), testing
the software and then pushing the software to target devices.
This approach is time consuming, error prone, and costly. In
an example embodiment, the autonomous software life cycle
management agent described herein reduces these draw-
backs. It is able to perform its functions with limited or no
human supervision, which avoids human errors, reduces the
costs associated with utilizing human resources, and elimi-
nates infrastructure needed to log information of all the
assets. In another example embodiment, there are also mini-
mal disruptions to the device/user operations, as devices
decide for themselves an appropriate time to perform soft-
ware life cycle management, and whether it is beneficial to
even perform the life cycle operations. Additionally, in an
example embodiment, new software is tested on the actual
device it is intended for and not a replica device. Further,
software is tested in an isolated environment, so if errors are
encountered, there is no need to perform any rollbacks.

In an example embodiment, an autonomous software life
cycle agent is provided that searches for a service or software
that fulfills certain needs. The needs may be described in a
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semantic language. The software/service provider may or
may not be known to the device. Indeed, the name of the
software/service may not even be known to the device.
Rather, the autonomous software life cycle agent may simply
know what it wants the software/service to do.

In an example embodiment, an autonomous software life
cycle agent is provided that searches for an update based onan
updated set of capabilities, rather than on a strict “is there a
newer version to this particular software product”-basis. It is
not the currently installed software that is performing the
search, it is the autonomous software life cycle agent. This
allows for the possibility that the most appropriate update to
a software product is actually to switch to a competitor’s
product. This also allows for factors other than the availability
of'a new software version to affect a decision as to whether or
not to upgrade or switch to new software. Such factors may
include, for example, a hardware upgrade specifying a new
set of capabilities on the part of the software product.

In an example embodiment, the autonomous software life
cycle agent is also able to get informed about updated ver-
sions by receiving an indication of updated capabilities of
software. This allows for a scenario where, for example, the
device was looking for capabilities for which it couldn’t find
a good match and settled on a software product with limited
capabilities, while the autonomous software life cycle agent
causes instructions to be indicated to one or more servers to
inform the autonomous software life cycle agent when a
software/service with the desired capabilities becomes avail-
able.

There may be instances where more than one software
product may be suitable for meeting the needs of the device as
described by the autonomous software life cycle agent. In an
example embodiment, the autonomous software life cycle
agent is then able to make a choice among the multiple
matches, based on capabilities desired and constraints
imposed.

In an example embodiment, a technical effect is that the
autonomous software life cycle agent is able to make a deci-
sion as to whether or not it is beneficial to upgrade to a new
version of a software product/service and/or switch to a dif-
ferent software product/service. This decision may be based
on many factors, including, for example, upgraded features,
service provider credibility, resources needed to run the
updated version, and cost.

In another example embodiment, the autonomous software
life cycle agent is able to interact with a test bed and evaluate
test results to make a decision as to whether or not to trust the
software, which ultimately affects the autonomous software
life cycle agent’s decision as to whether to install the software
product.

FIG. 1 is a block diagram illustrating a system 100 in
accordance with an example embodiment. The system 100
includes a device 102 on which a software product may be
executed. The device 102 may include a software inventory
database 104 where one or more software product installed on
the device 102 may be stored. A software life cycle manage-
ment agent 106 may act to locate appropriate software for
download, testing, and possible installation on the device
102. An autonomy agent 108 may act as a manager in the
device 102 to define and execute various goals for the device
102.

Based on instructions from the autonomy agent 108, the
software life cycle management agent 106 may actto query or
subscribe to a device community 110 for information about
available software. The device community 110 may include a
yellow pages agent 112. A yellow pages agent is a module or
component that organizes information (in this case available
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software) based on category and/or capability. The device
community 110 may also include a white pages agent 114. A
white pages agent is a module or component that organizes
information (in this case available software) based on title or
other identification.

The software products and/or new versions that are capable
of being downloaded may be hosted on a software hosting
server 116. A software provider 118 may upload the software
products and/or new versions to the software hosting server
116. In an example embodiment, the software provider 118
may also provide a detailed listing of the capabilities/func-
tionality of the software product/new version when it is
uploaded. This detailed listing may take the form of a soft-
ware metadata file that accompanies the software product.

In an example embodiment, the software hosting server
116 may advertise the availability of the software product/
new version. This may be performed by a software advertis-
ing agent 120, which may maintain a list of subscriptions of
various software life cycle management agents, including, for
example, software life cycle management agent 106.

In an example embodiment, communication between the
software life cycle management agent 106 and the device
community 110 and/or software hosting server 116 may be
performed via the Message Transport Service (MTS). MTS
may provide a protocol that allows software product capabili-
ties and/or device requirements to be described semantically.
This means that, for example, a list of the capabilities and/or
device requirements is encoded in a description language that
defines the capabilities semantically. For example, if a desired
capability is the ability to edit text on a computer display, this
characteristic may be defined by the description language as
a possible value for a variable of the description language.
The communication itself may take a number of forms.

As described earlier, the software advertising agent 120
may advertise new software products and/or new versions of
existing software products. This may include, for example,
communicating capabilities of the new software products
and/or new versions of existing software products to the soft-
ware life cycle management agent 106, which may have pre-
viously subscribed to receive such advertisements. The sub-
scriptions may either be general (e.g., “send me information
about any new software you receive”) or specific (e.g., “send
me information about new versions of software X,” “send me
information about new software products having the follow-
ing capabilities . . . 7).

Additionally, the software life cycle management agent
106 may generate direct queries to the yellow pages agent 112
and/or white pages agent 114 to proactively locate software
products meeting various requests and/or requirements of the
device 102. The yellow pages agent 112 and/or white pages
agent 114 may send results to the software life cycle manage-
ment agent 106 in the form of locations of one or more
software products on the software hosting server 116. The
software life cycle management agent 106 may then utilize
this location information to initiate a download of appropriate
software products. It should be noted that while a single
software hosting server 116 is depicted in FIG. 1, in some
example embodiments there may be a plurality of different
software hosting servers and the yellow pages agent 112
and/or white pages agent 114 may provide the location of not
just where a particular software product can be found within
a single software hosting server, but also a location of the
software hosting server hosting the software product (as well
as any other instructions needed by the software life cycle
management agent 106 to download the software product).

In some example embodiments, the yellow pages agent
112 and/or white pages agent 114 may provide information
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about a software product to the software life cycle manage-
ment agent 106. This information may include a name of the
software product and additional details about the software
product (e.g., manufacturer, version number, date of cre-
ation). In another example embodiment, the software life
cycle management agent 106 is never informed of informa-
tion about the software product other than its location and/or
information needed to download the software product. In
other words, the device 102 may be kept in the dark as to what
the software product is, and instead rely on the device com-
munity 110 to provide an appropriate software product that
matches the desired capabilities. This same anonymity may
also be extended in the other direction: namely, the software
hosting server 116 may not be made aware of the device 102
and/or any characteristics of the device 102.

Once the software product/version is selected by the soft-
ware life cycle management agent 106 and downloaded, it
may be run in a sandbox 122 on the device 102. Execution of
the software product/version in the sandbox 122 allows it to
be tested on the device 102 without causing any runtime or
other issues or errors in the device 102. The testing may be
performed by a software testing agent 124, which may be
instructed to perform the testing by the software life cycle
management agent 106 and then may inform the software life
cycle management agent 106 of the results of the tests. The
software life cycle management agent 106 can then make a
decision as to whether or not to install the software product/
version based on the results of the testing.

In an example embodiment, installation and use of the
software product/version may be performed using an Open
Service Gateway Initiative (OSGi) container. OSGl is a speci-
fication that describes a modular system and service platform
for the Java description language that implements a dynamic
component mode. Applications or components, in the form of
bundles for deployment, can be remotely installed, started,
stopped, updated, and uninstalled without requiring a reboot.
The OSGi container 126 for a software product/version can
describe all that is needed in order to successfully install the
software product/version.

In an example embodiment, the architecture described
above is implemented on top of a Java Agent Development
Framework (JADE). Additionally, an agent communication
language (ACL) may be provided to enable the communica-
tions between the various agents, including the software life
cycle management agent 106, autonomy agent 108, yellow
pages agent 112, white pages agent 114, software advertising
agent 120 and software testing agent 124.

It should be noted that the software life cycle management
agent 106 and autonomy agent 108 work together to operate
the various functions of coordinating the determination to
search/subscribe to new software products and/or versions,
coordinate the testing of the new software products and/or
versions, and decide ultimately which software products and/
or version to install on the device 102. In various example
embodiments, the precise functionality performed by each of
the software life cycle management agent 106 and autonomy
agent 108 may differ, and nothing in this disclosure shall be
interpreted as limiting the functionality to only being per-
formed by one or the other.

FIG. 2 is a flow diagram illustrating a method 200, in
accordance with an example embodiment, for searching for
and installing a software product on a device in accordance
with an example embodiment. At operation 202, a list of
needed capabilities of the device (e.g., device 102 of FIG. 1)
is prepared. In an example embodiment, this list may be
prepared by an autonomy agent operating on the device. The
autonomy agent may perform an analysis of the device
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including, for example, hardware capabilities of the device,
operating system installed on the device, additional software
installed on the device, settings configured by a user of the
device, etc. The autonomy agent may also take into account
additional factors such as specified desires by a user or users
of the device (e.g., an indicated desire to obtain a word pro-
cessing program) as well as various dynamically determined
characteristics such as device location, environmental fac-
tors, other devices to which the device communicates, and
any other factor that might affect a decision as to which type
of software product would be appropriate for the device.

At operation 204, a request may be sent to a yellow pages
agent (e.g., yellow pages agent 112) for a list of software
products that meet the needed capabilities. In an example
embodiment, operation 204 is performed by a software life
cycle management agent (e.g., software life cycle manage-
ment agent 106) operating on the device. It should be noted
that the software products referred to may include aspects of
a software product which may be considered by some to be
services, for example, software as a service (SaaS)-type soft-
ware where only a small portion of code is downloaded and
installed on the device, with the bulk of the software func-
tionality residing on external servers communicated with by
the device, or may include more traditional software that is
fully installed on the device itself prior to running. The
request may include the list of needed capabilities prepared in
operation 202. This list may be stored in accordance with, for
example, a semantic language. It should be noted that in some
example embodiments, the request may also include instruc-
tions to the yellow pages agent as to how to determine pos-
sible software products that have services that meet the
needed capabilities. These instructions may include, for
example, an indication on how stringent the yellow pages
agent should be with regard to selecting the possible software
product candidates. For example, the instructions may indi-
cate that this particular device only wants to be presented with
available software products that meet all of the listed needed
capabilities. Alternatively, the instructions may indicate that
this particular device desires to be presented with software
product candidates that meet a certain number of the needed
capabilities (the number exceeding a particular threshold
specified in the instructions). In some example embodiments
the instructions may be even more detailed, specifying
weighting to be applied to each of the needed capabilities in
the list and a threshold above which a software product can-
didate is to be recommended based on the weights, or the
highest ranking such candidate.

At this point the yellow pages agent may or may not com-
municate a list of software products found that meet the
requirements specified in the request in operation 204. It
should be noted that in some example embodiments the soft-
ware products found are somewhat anonymous, in that the
yellow pages agent may just indicate a location where a
candidate software product can be downloaded; however, in
other embodiments, specific details about the candidate soft-
ware product may be provided. In the case the yellow pages
agent does communicate a list (of at least one software prod-
uct), in an example embodiment this communication may be
in the form of an “inform message” from the yellow pages. In
other words, in some example embodiments the yellow pages
agent may simply not respond to a request to which it can find
no suitable software products. Nevertheless, at operation 206,
it may be determined if software products were found by the
yellow pages agent and if it is a good time to install one or
more of the software products. Both of these conditions have
to be true in order for a “yes” path from this operation to be
followed. If either condition is not true, then the process may
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proceed to operation 208. At operation 208, a request may be
sent to the yellow pages agent to inform the device if software
product candidates matching the needed requirements
become available in the future. In an example embodiment
this may represent a “subscription” to future notifications of
software products/updates. In an example embodiment, both
operation 206 and operation 208 are performed by the soft-
ware life cycle management agent.

The determination at operation 206 as to whether or not it
is a good time to install one or more of the software products
may be based on anumber of different factors. In one example
embodiment, these factors may include the current process-
ing load on one or more processors of the device, current
memory utilization, and/or current load on any other system
resources of the device. In another example embodiment,
additional analysis of past usage may help make certain pre-
dictions of future use of the device, which may influence
whether or not now is a good time to install the software
products. For example, it may be 3:55 pm now and system
resources may be available to install the software products
now, but the system may learn through analysis of past usage
that the user typically runs a system resource heavy process
from 4 pm-5 pm every day, and thus the system may deter-
mine that now would not be a good time to install the one or
more software products. The system may also take into
account predicted time to install the one or more software
products, as well as the resources such installation are likely
to tie up during the installation process.

It should be noted that the term “install” is intended to be
interpreted broadly to cover all steps of installing (or deter-
mining not to install) a software product on the device. This
includes the process of testing the software prior to installa-
tion and the process of determining, based on results of the
testing (and possibly other factors as well), whether or not to
install the software. Thus, at operation 206 (when it is being
determined whether or not it is a good time to install one or
more of the software products offered by the service provid-
ers) this analysis may take into account how long it will take
to test the software products, determine if the software prod-
ucts should be placed in a non-sandbox area on the device,
and the acts involved in actually placing the software products
in the non-sandbox area on the device.

If at operation 206 it is determined that software products
matching the needed capabilities were found by the yellow
pages agent and it is a good time to install one or more of the
software products found by the yellow pages agent, then the
process may proceed to operation 210.

Atoperation 210, it may be determined if multiple software
products were found by the yellow pages agent in response to
the request. If so, then at operation 212 the system picks a
single software product among the multiple software prod-
ucts. In an example embodiment, operation 212 may involve
an analysis of many different factors, such as the level of trust
between the device and the provider of the software product,
the set of capabilities valued most by the device, previous
experience with the provider of the software product, price of
the software product, etc.

Once the single software product is selected, or if at opera-
tion 210 it was determined that multiple software products
were not found by the yellow pages agent, then the process
moves to operation 214 and the system may request that a
testing agent test the selected software product. At operation
216, test results may be received from the testing agent. At
operation 218, the test results may be utilized to determine
whether to complete installation of the selected software
product. This determination may be performed in a number of
different ways. In one example embodiment, the test results
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include a binary determination of whether the software prod-
uct “passed” or “failed” the testing. In such a case, operation
218 may involve accepting this binary determination and
acting accordingly. In another example embodiment, a more
detailed analysis may be determined based on the results of
the testing. For example, the testing may produce a report that
includes an indication of how various system resources were
utilized during the testing, and the software life cycle man-
agement agent or autonomy agent may determine, based on
this information and preset thresholds, whether or not the
software should be installed. Additionally, performance
information from the testing may also be included in this
determination. For example, the software life cycle manage-
ment agent or autonomy agent may allow a certain level of
system resources to be utilized if particular performance
thresholds are met, but not allow that level of system resource
to be utilized if the performance thresholds are not met.
Additionally, factors such as cost may be utilized in this
determination as well. For example, the software life cycle
management agent or autonomy agent may accept a certain
performance level and a certain amount of system resources
utilized if the cost of the software product is low, but may not
accept them if the cost of the software product is high.

If it is determined at operation 218 that installation of the
tested software product should not be completed, then at
operation 220 it may be determined if there are any additional
software products found by the yellow pages agent to test. If
not, then the process may return to operation 208 and the
yellow pages agent may be requested to inform the software
life cycle management agent if software product(s) matching
the needed capabilities are found in the future. If it is deter-
mined at operation 220 that there are additional software
products found by the yellow pages agent to test, then the
process may return to operation 210.

If it is determined at operation 218 that the installation of
the tested software product should be completed, then at
operation 222 it is determined if the software product is a
remote service. If not, then at operation 224 OSGi may be
instructed to move the software from the sandbox to an OSGi
container from which installation can be completed. Then at
operation 226 the autonomy agent can be informed to begin
using the software and store information about the software in
a software inventory database. If at operation 222 it is deter-
mined that the software product is a remote service, then
operation 224 may be skipped and the process may move
directly to operation 226. Finally, at operation 228, the yellow
pages agent may be requested to inform the software life
cycle management agent if an update to the capabilities of the
software product becomes available in the future (either by,
for example, an updated version of the software product, or by
a competitor software product).

As described earlier, one of the factors that may be consid-
ered by the system in operation 212 is the level of trust of the
service provider distributing the software product. This char-
acteristic may also be a factor in operation 218 as well. There
are a number of different mechanisms by which a system can
determine a level of trust. Information relevant to a trust
determination can come from a number of different sources,
such as direct interaction (one’s own experience working
with the service provider), direct observation (acting as a third
party and observing behavior of the service provider with
others), witness information (reports from others on their
interactions), sociological information (based on the role the
service provider plays in society and judging behavior based
on that rather than specific interaction), and prejudice (the
assignment of a property to an individual based on some
specific feature that allows it to be considered as part of a
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group that has the property). One characteristic that might be
of concern is whether the service provider leaks information
learned from the deployment of the software product on a
device to users or entities not in control of the device. This is
of particular concern with regards to so-called “spyware”
which is software that may be installed intentionally by a user
without the user realizing that it gathers and leaks information
about the user and/or user’s device.

One mechanism to detect such leaks is running the soft-
ware product in a sandbox on the device and performing tests
specifically to detect leaks. This activity could be expanded to
include artificial compatriots to test the fidelity of the soft-
ware product with respect to contractually agreed limits on
retention or use of information. However, this solution may
not detect a condition where the software product is written to
behave normally until or unless a particular (non-present)
agent initiates communication to begin the leak process.

One solution would be to run the software product on a
known trusted server that has sandboxing capabilities which
allow for remote testing and examination of the agent. As
such, in an example embodiment, the testing of the software
product installed in the sandbox of the device may be
expanded to include testing and/or analysis of testing per-
formed on the software product in a sandbox of another
device, such as a server (although embodiments are possible
where information is obtained from other devices similar to
the device in question).

In an example embodiment, trust may be represented using
a combined trust model. In a combined trust model, trust
characteristics are modeled across multiple dimensions, such
as quality, cost, likelihood of success, and timeliness. Trust
can be updated based on interactions with the software prod-
uct and/or service provider, and can also be based on reputa-
tion (e.g., the reported trust score from some other agent that
has interacted with the software product and/or service pro-
vider).

FIG. 3 is a flow diagram illustrating a method 300, in
accordance with an example embodiment, for preparing a list
of needed capabilities of a device. In an example embodi-
ment, this diagram may illustrate operation 202 of FIG. 2 in
more detail, although in other embodiments a different pro-
cess may be used to perform operation 202 of FIG. 2.

At operation 302, hardware of the device is scanned to
determine hardware capabilities of the device. This may
include examining, for example, processing power (e.g., cen-
tral processing unit (CPU) type and speed, graphical process-
ing unit (GPU) type and speed, etc.), memory capacity,
memory speed, display type and size, user input capabilities
(e.g., mouse, keyboard, touchpad, microphone, webcam,
etc.), speaker type and parameters, and any other hardware
information that may be relevant to a determination of capa-
bilities of the device. At operation 304, input may be received
from a user of the device regarding desired features of soft-
ware to be installed on the device. For example, a user may
specify a desire for a word processing program.

Atoperation 306, software currently installed on the device
may be scanned. This may include, for example, an operating
system and any applications installed on the device. The
system may learn, for example, the operating system type and
version, and the fact that certain types of software are already
installed on the device. Additional information, such as con-
figuration settings and other run-time variables, may be
gleaned during this scan as well.

At operation 308, hardware capabilities, user input, and
software installed on the device are utilized in order to for-
mulate a list of capabilities desired in a software product. This
list at this point may be informal. At operation 310, the list of
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capabilities is formalized by, for example, storing it in a
semantic language where the format of the language allows
for the storage of “needs” of a system.

FIG. 4 is a flow diagram illustrating a method 400, in
accordance with an example embodiment, for finding match-
ing software products at a yellow pages agent. This method
400 may be performed by a yellow pages agent in between
operations 204 and 206 of FIG. 2. At operation 402, a request
containing a list of needed capabilities is received from a
software life cycle management agent. At operation 404, a
database of software products is searched for one or more
software products matching the needed capabilities. In an
example embodiment, the request from the software life cycle
management agent includes an indication of criteria to be
used to identify matching software products. For example, the
criteria may include a threshold level of how many matching
capabilities are needed in order for the yellow pages agent to
determine that a match occurs. If the request contains such an
indication of criteria, this indication of criteria may be uti-
lized by the yellow pages agent in searching the database. The
database itself may be organized in a manner that allows for
efficient searching based on capability. For example, a direc-
tory of the database may be maintained that includes a map-
ping of capabilities to various software products stored in the
database. At operation 406, it is determined if there are soft-
ware products matching the needed capabilities. If so, then at
operation 408, a location of the software products matching
the needed capabilities is transmitted to the software life cycle
management agent. If not, the process may end.

FIG. 5 is a flow diagram illustrating a method 500, in
accordance with an example embodiment, for determining
that software products matching the needed capabilities were
found by the yellow pages agent and that it is a good time to
install one or more of the software products found by the
yellow pages agent. In an example embodiment, this method
500 represents operation 206 of FIG. 2 in more detail. At
operation 502, it is determined if software products matching
the needed capabilities were found by the yellow pages agent.
If not, then method 500 ends and a “No” is returned. If so, then
at operation 504, the current processing load of the device is
determined. This may include scanning current CPU, GPU,
and memory utilization, for example. At operation 506, an
estimated installation time and utilization (e.g., how much
processing and memory usage is needed for installation) for
each of the software products is determined. At operation 508,
past usage of the device, the estimated installation time and
utilization, and the current processing load of the device is
utilized in a determination of whether or not now is a good
time to install one or more of the software products. If now is
not a good time, then the method 500 ends and a “No” is
returned. If now is a good time, then the method 500 ends and
a “Yes” is returned.

FIG. 6 is a flow diagram illustrating a method 600, in
accordance with an example embodiment, of installing a soft-
ware product using a white pages agent. At operation 602, a
desired software product to install is identified. This may be
performed in a number of different ways. In one example
embodiment, a user may specify the desire to download a
particular software product. In another example embodiment,
an updated version of a currently installed software product
on the device is identified. In another example embodiment,
the system may scan the device and determine on its own what
software product would be appropriate to install. At operation
604, the location of the desired software product is requested
from a white pages agent. At operation 606, the location of the
desired software product is received from the white pages
agent. At operation 608, it is determined if now is a good time
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to install the white pages agent. This operation may be similar
to operation 206 of FIG. 2 and method 500 of FIG. 5, with the
exception of the lack of a need to determine whether one or
more matching software products were found.

If it is determined that now is a good time to install the
software product, then at operation 610 the software product
is downloaded and stored in a sandbox on the device. If not,
then the process loops back to operation 608 until it is a good
time to install the software product. At operation 612, the
system may request that a testing agent test the software
product. At operation 614, test results may be received from
the testing agent. At operation 616, the test results may be
utilized to determine whether to complete installation of the
software product. This determination may be performed in a
number of different ways. In one example embodiment, the
test results include a binary determination of whether the
software product “passed” or “failed” the testing. In such a
case, operation 616 may involve accepting this binary deter-
mination and acting accordingly. In another example embodi-
ment, a more detailed analysis may be determined based on
the results of the testing. For example, the testing may pro-
duce a report that includes an indication of how various sys-
tem resources were utilized during the testing, and the soft-
ware life cycle management agent or autonomy agent may
determine, based on this information and preset thresholds,
whether or not the software should be installed. Additionally,
performance information from the testing may also be
included in this determination. For example, the software life
cycle management agent or autonomy agent may allow a
certain level of system resources to be utilized if particular
performance thresholds are met, but not allow that level of
system resource to be utilized if the performance thresholds
are not met. Additionally, factors such as cost may be utilized
in this determination as well. For example, the software life
cycle management agent or autonomy agent may accept a
certain performance level and a certain amount of system
resources utilized if the cost of the software product is low, but
may not accept them if the cost of the software product is
high.

If it is determined at operation 616 that installation of the
tested software product should not be completed, then the
process ends. Otherwise, at operation 618 it is determined if
the software product is a remote service. I[f not, then at opera-
tion 620 OSGi may be instructed to move the software from
the sandbox to an OSGi container from which installation can
be completed. Then at operation 622 the autonomy agent can
be informed to begin using the software and store information
about the software in a software inventory database. If at
operation 618 it is determined that the software product is a
remote service, then operation 620 may be skipped and the
process may move directly to operation 622. Finally, at opera-
tion 624, the yellow pages agent may be requested to inform
the software life cycle management agent if an update to the
capabilities of the software product becomes available in the
future (either by, for example, an updated version of the
software product, or by a competitor software product).

FIG. 7 is a sequence diagram illustrating a method 700, in
accordance with an example embodiment, for searching for
and installing a software product on a device in accordance
with an example embodiment. The method 700 may utilize an
autonomy agent 702, software life cycle management agent
704, yellow pages agent 706, software provider 708, software
testing agent 710, and database 712. At operation 714, the
autonomy agent 702 may determine needed capabilities of a
device. At operation 716, the autonomy agent 702 may send a
request for software with the capabilities to the software life
cycle management agent 704. At operation 718, the software
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life cycle management agent 704 may request a software
product with the capabilities from the yellow pages agent
706. The yellow pages agent 706 may respond with a location
at operation 720.

At operation 722, the software life cycle management
agent 704 may request the software product from the software
provider 708 using the location. At operation 724 the software
product is returned. At operation 726, the software life cycle
management agent 704 may store the software product in a
sandbox. At operation 728, the software life cycle manage-
ment agent 704 may request testing on the software product
by the software testing agent 710. The software testing agent
710 may then test the software product in the sandbox at
operation 730, and then return the results at operation 732.

At operation 734, the software life cycle management
agent 704 may determine whether to install the software
product based, at least partially, on the test results. At opera-
tion 736, if the software product is to be installed, the software
product is installed to the database 712.

Example Mobile Device

FIG. 8 is a block diagram illustrating a mobile device 800,
according to an example embodiment. The mobile device 800
can include a processor 802. The processor 802 can be any of
avariety of different types of commercially available proces-
sors suitable for mobile devices 800 (for example, an XScale
architecture microprocessor, a Microprocessor without Inter-
locked Pipeline Stages (MIPS) architecture processor, or
another type of processor). A memory 804, such as a random
access memory (RAM), a Flash memory, or other type of
memory, is typically accessible to the processor 802. The
memory 804 can be adapted to store an operating system (OS)
806, as well as application programs 808, such as a mobile
location-enabled application that can provide location-based
services (LBSs) to a user. The processor 802 can be coupled,
either directly or via appropriate intermediary hardware, to a
display 810 and to one or more input/output (I/O) devices
812, such as a keypad, a touch panel sensor, a microphone,
and the like. Similarly, in some embodiments, the processor
802 can be coupled to a transceiver 814 that interfaces with an
antenna 816. The transceiver 814 can be configured to both
transmit and receive cellular network signals, wireless data
signals, or other types of signals via the antenna 816, depend-
ing on the nature of the mobile device 800. Further, in some
configurations, a GPS receiver 818 can also make use of the
antenna 816 to receive GPS signals.

Modules, Components and Logic

Certain embodiments are described herein as including
logic or a number of components, modules, or mechanisms.
Modules can constitute either software modules (e.g., code
embodied (1) on a non-transitory machine-readable medium
or (2) in a transmission signal) or hardware-implemented
modules. A hardware-implemented module is tangible unit
capable of performing certain operations and can be config-
ured or arranged in a certain manner. In example embodi-
ments, one or more computer systems (e.g., a standalone,
client or server computer system) or one or more processors
can be configured by software (e.g., an application or appli-
cation portion) as a hardware-implemented module that oper-
ates to perform certain operations as described herein.

Invarious embodiments, a hardware-implemented module
can be implemented mechanically or electronically. For
example, a hardware-implemented module can comprise
dedicated circuitry or logic that is permanently configured
(e.g., as a special-purpose processor, such as a field program-
mable gate array (FPGA) or an application-specific inte-
grated circuit (ASIC)) to perform certain operations. A hard-
ware-implemented module can also comprise programmable
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logic or circuitry (e.g., as encompassed within a general-
purpose processor or other programmable processor) that is
temporarily configured by software to perform certain opera-
tions. It will be appreciated that the decision to implement a
hardware-implemented module mechanically, in dedicated
and permanently configured circuitry, or in temporarily con-
figured circuitry (e.g., configured by software) can be driven
by cost and time considerations.

Accordingly, the term “hardware-implemented module”
should be understood to encompass a tangible entity, be that
an entity that is physically constructed, permanently config-
ured (e.g., hardwired) or temporarily or transitorily config-
ured (e.g., programmed) to operate in a certain manner and/or
to perform certain operations described herein. Considering
embodiments in which hardware-implemented modules are
temporarily configured (e.g., programmed), each of the hard-
ware-implemented modules need not be configured or instan-
tiated at any one instance in time. For example, where the
hardware-implemented modules comprise a general-purpose
processor configured using software, the general-purpose
processor can be configured as respective different hardware-
implemented modules at different times. Software can
accordingly configure a processor, for example, to constitute
aparticular hardware-implemented module at one instance of
time and to constitute a different hardware-implemented
module at a different instance of time.

Hardware-implemented modules can provide information
to, and receive information from, other hardware-imple-
mented modules. Accordingly, the described hardware-
implemented modules can be regarded as being communica-
tively coupled. Where multiple such hardware-implemented
modules exist contemporaneously, communications can be
achieved through signal transmission (e.g., over appropriate
circuits and buses) that connect the hardware-implemented
modules. Inembodiments in which multiple hardware-imple-
mented modules are configured or instantiated at different
times, communications between such hardware-imple-
mented modules can be achieved, for example, through the
storage and retrieval of information in memory structures to
which the multiple hardware-implemented modules have
access. For example, one hardware-implemented module can
perform an operation and store the output of that operation in
a memory device to which it is communicatively coupled. A
further hardware-implemented module can then, at a later
time, access the memory device to retrieve and process the
stored output. Hardware-implemented modules can also ini-
tiate communications with input or output devices, and can
operate on a resource (e.g., a collection of information).

The various operations of example methods described
herein can be performed, at least partially, by one or more
processors that are temporarily configured (e.g., by software)
or permanently configured to perform the relevant operations.
Whether temporarily or permanently configured, such pro-
cessors can constitute processor-implemented modules that
operate to perform one or more operations or functions. The
modules referred to herein can, in some example embodi-
ments, comprise processor-implemented modules.

Similarly, the methods described herein can be at least
partially processor-implemented. For example, at least some
of the operations of a method can be performed by one of
processors or processor-implemented modules. The perfor-
mance of certain of the operations can be distributed among
the one or more processors, not only residing within a single
machine, but deployed across a number of machines. In some
example embodiments, the processor or processors can be
located in a single location (e.g., within a home environment,
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an office environment or as a server farm), while in other
embodiments the processors can be distributed across a num-
ber of locations.

The one or more processors can also operate to support
performance of the relevant operations in a “cloud comput-
ing” environment or as a “software as a service” (SaaS). For
example, at least some of the operations can be performed by
a group of computers (as examples of machines including
processors), these operations being accessible via a network
(e.g., the Internet) and via one or more appropriate interfaces
(e.g., application program interfaces (APIs).)

Electronic Apparatus and System

Example embodiments can be implemented in digital elec-
tronic circuitry, or in computer hardware, firmware, software,
or in combinations of them. Example embodiments can be
implemented using a computer program product, e.g., a com-
puter program tangibly embodied in an information carrier,
e.g., in a machine-readable medium for execution by, or to
control the operation of, data processing apparatus, e.g., a
programmable processor, a computer, or multiple computers.

A computer program can be written in any form of descrip-
tion language, including compiled or interpreted languages,
and it can be deployed in any form, including as a stand-alone
program or as a module, subroutine, or other unit suitable for
use in a computing environment. A computer program can be
deployed to be executed on one computer or on multiple
computers at one site or distributed across multiple sites and
interconnected by a communication network.

In example embodiments, operations can be performed by
one or more programmable processors executing a computer
program to perform functions by operating on input data and
generating output. Method operations can also be performed
by, and apparatus of example embodiments can be imple-
mented as, special purpose logic circuitry, e.g., a FPGA or an
ASIC.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. In embodiments
deploying a programmable computing system, it will be
appreciated that both hardware and software architectures
merit consideration. Specifically, it will be appreciated that
the choice of whether to implement certain functionality in
permanently configured hardware (e.g., an ASIC), in tempo-
rarily configured hardware (e.g., a combination of software
and a programmable processor), or a combination of perma-
nently and temporarily configured hardware can be a design
choice. Below are set out hardware (e.g., machine) and soft-
ware architectures that can be deployed, in various example
embodiments.

Example Machine Architecture and Machine-Readable
Medium

FIG. 9 is a block diagram of a machine in the example form
of'a computer system 900 within which instructions 924 may
be executed to cause the machine to perform any one or more
of'the methodologies discussed herein. In alternative embodi-
ments, the machine operates as a standalone device or can be
connected (e.g., networked) to other machines. In a net-
worked deployment, the machine can operate in the capacity
of a server or a client machine in server-client network envi-
ronment, or as a peer machine in a peer-to-peer (or distrib-
uted) network environment. The machine can be a personal
computer (PC), a tablet PC, a set-top box (STB), a personal
digital assistant (PDA), a cellular telephone, a web appliance,
a network router, switch or bridge, or any machine capable of
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executing instructions (sequential or otherwise) that specify
actions to be taken by that machine. Further, while only a
single machine is illustrated, the term “machine” shall also be
taken to include any collection of machines that individually
or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.

The example computer system 900 includes a processor
902 (e.g., a central processing unit (CPU), a graphics process-
ing unit (GPU), or both), a main memory 904 and a static
memory 906, which communicate with each other via a bus
908. The computer system 900 can further include a video
display unit 910 (e.g., a liquid crystal display (LCD) or a
cathode ray tube (CRT)). The computer system 900 also
includes an alpha-numeric input device 912 (e.g., a keyboard
or a touch-sensitive display screen), a user interface (UI)
navigation (or cursor control) device 914 (e.g., a mouse), a
disk drive unit 916, a signal generation device 918 (e.g., a
speaker), and a network interface device 920.
Machine-Readable Medium

The disk drive unit 916 includes a machine-readable
medium 922 on which is stored one or more sets of data
structures and instructions 924 (e.g., software) embodying or
utilized by any one or more of the methodologies or functions
described herein. The instructions 924 can also reside, com-
pletely or at least partially, within the main memory 904
and/or within the processor 902 during execution thereof by
the computer system 900, with the main memory 904 and the
processor 902 also constituting machine-readable media 922.

While the machine-readable medium 922 is shown in an
example embodiment to be a single medium, the term
“machine-readable medium” can include a single medium or
multiple media (e.g., a centralized or distributed database,
and/or associated caches and servers) that store the one or
more instructions 924 or data structures. The term “machine-
readable medium” shall also be taken to include any tangible
medium that is capable of storing, encoding or carrying
instructions 924 for execution by the machine and that cause
the machine to perform any one or more of the methodologies
of'the present disclosure, or that is capable of storing, encod-
ing or carrying data structures utilized by or associated with
such instructions 924. The term “machine-readable medium”
shall accordingly be taken to include, but not be limited to,
solid-state memories, and optical and magnetic media. Spe-
cific examples of machine-readable media 922 include non-
volatile memory, including by way of example semiconduc-
tor memory devices, e.g., erasable programmable read-only
memory (EPROM), electrically erasable programmable
read-only memory (EEPROM), and flash memory devices;
magnetic disks such as internal hard disks and removable
disks; magneto-optical disks; and CD-ROM and DVD-ROM
disks.

Transmission Medium

The instructions 924 can be transmitted or received over a
communications network 926 using a transmission medium.
The instructions 924 can be transmitted using the network
interface device 920 and any one of a number of well-known
transfer protocols (e.g., HT'TP). Examples of communication
networks include a local area network (LLAN), a wide area
network (WAN), the Internet, mobile telephone networks,
plain old telephone (POTS) networks, and wireless data net-
works (e.g., WiFiand WiMax networks). The term “transmis-
sion medium” shall be taken to include any intangible
medium that is capable of storing, encoding, or carrying
instructions 924 for execution by the machine, and includes
digital or analog communications signals or other intangible
media to facilitate communication of such software.

Although an embodiment has been described with refer-
ence to specific example embodiments, it will be evident that
various modifications and changes can be made to these
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embodiments without departing from the broader spirit and
scope of the disclosure. Accordingly, the specification and
drawings are to be regarded in an illustrative rather than a
restrictive sense. The accompanying drawings that form a
part hereof, show by way of illustration, and not of limitation,
specific embodiments in which the subject matter can be
practiced. The embodiments illustrated are described in suf-
ficient detail to enable those skilled in the art to practice the
teachings disclosed herein. Other embodiments can be uti-
lized and derived therefrom, such that structural and logical
substitutions and changes can be made without departing
from the scope of this disclosure. This Detailed Description,
therefore, is not to be taken in a limiting sense, and the scope
of various embodiments is defined only by the appended
claims, along with the full range of equivalents to which such
claims are entitled.

Such embodiments of the inventive subject matter can be
referred to herein, individually and/or collectively, by the
term “invention” merely for convenience and without intend-
ing to voluntarily limit the scope of this application to any
single invention or inventive concept if more than one is in
fact disclosed. Thus, although specific embodiments have
been illustrated and described herein, it should be appreciated
that any arrangement calculated to achieve the same purpose
can be substituted for the specific embodiments shown. This
disclosure is intended to cover any and all adaptations or
variations of various embodiments. Combinations of the
above embodiments, and other embodiments not specifically
described herein, will be apparent to those of skill in the art
upon reviewing the above description.

This written description uses examples to disclose the
inventive subject matter, including the best mode, and also to
enable any person skilled in the art to practice the inventive
subject matter, including making and using any devices or
systems and performing any incorporated methods. The pat-
entable scope of the inventive subject matter is defined by the
claims, and may include other examples that occur to those
skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural elements
that do not differ from the literal language of the claims, or if
they include equivalent structural elements with insubstantial
differences from the literal languages of the claims.

The invention claimed is:
1. A method of searching for and installing a software
product on a device, the method comprising:

identifying one or more capabilities needed by the device
to be served by a software product;

communicating the one or more capabilities needed by the
device from a software life cycle management agent on
the device to one or more yellow pages agents outside
the device, the communicating comprising formulating
arequest comprising a list of the capabilities encoded in
a description language that defines the capabilities
semantically, the request further including instructions
as to how to determine possible software products hav-
ing traits matching the needed capabilities, the instruc-
tions include a threshold indicating a number of needed
capabilities that should be met by any software product
the one or more yellow pages agents determine to be a
match for the needed capabilities;

receiving locations of one or more software products
matching the one or more capabilities needed by the
device from the one or more yellow pages agents;

selecting one of the one or more software products to install
based on automatically evaluated criteria;

downloading the selected software product using its
received location; and

installing the selected software product on the device.
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2. The method of claim 1, wherein the identifying includes
scanning the device to determine hardware capabilities of the
device.

3. The method of claim 1, wherein the identifying includes
scanning the device to determine an operating system
installed on the device.

4. The method of claim 1, wherein the installing the
selected software product on the device further includes:

installing the selected software product in a sandbox on the

device;

performing testing of the selected software product in the

sandbox; and

determining, based on the testing, whether to complete

installation of the selected software product on the
device.

5. The method of claim 1, wherein the installing is per-
formed only after a determination is made that it is a good
time to install the selected software product, wherein the
determination that it is a good time to install the selected
software product is based on an analysis of current resource
utilization in the system.

6. A device comprising:

an autonomy agent, comprising one or more processors,

configured to identify one or more capabilities needed
by the device to be served by a software product;

a software inventory database;

a software life cycle management agent configured to:

communicate the one or more capabilities needed by the
device from a software life cycle management agent
on the device to one or more yellow pages agents
outside the device, the communicating comprising
formulating a request comprising a list of the capa-
bilities encoded in a description language that defines
the capabilities semantically, the request further
including instructions as to how to determine possible
software products having traits matching the needed
capabilities, the instructions include a threshold indi-
cating a number of needed capabilities that should be
met by any software product the one or more yellow
pages agents determine to be a match for the needed
capabilities;

receive locations of one or more software products
matching the one or more capabilities needed by the
device from the one or more yellow pages agents;

select one of the one or more software products to install
based on automatically evaluated criteria;

download the selected software product using its
received location; and

install the selected software product on the device by
storing information about the software product in the
software inventory database.

7. The device of claim 6, wherein the information about the
software product includes an Open Service Gateway Initia-
tive (OSGi) container.

8. The device of claim 6, further comprising:

a sandbox; and

a software testing agent,

wherein the software life cycle management agent is fur-

ther configured to install the selected software product in
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the sandbox and request the software testing agent to test
the selected software product,

wherein the software testing agent is configured to test the

selected software product in the sandbox, and

wherein the software life cycle management agent is fur-

ther configured to determine, based on the testing,
whether to complete installation of the selected software
product on the device.
9. The device of claim 6, wherein the identifying includes
scanning the device to determine hardware capabilities of the
device.
10. The device of claim 6, wherein the identifying includes
scanning the device to determine an operating system
installed on the device.
11. A non-transitory machine-readable storage medium
comprising instructions, which when implemented by one or
more machines, cause the one or more machines to perform
operations for searching for and installing a software product
on a device, the operations comprising:
communicating one or more capabilities needed by the
device from a software life cycle management agent on
the device to one or more yellow pages agents outside
the device, the communicating comprising formulating
arequest comprising a list of the capabilities encoded in
a description language that defines the capabilities
semantically, the request further including instructions
as to how to determine possible software products hav-
ing traits matching the needed capabilities, the instruc-
tions include a threshold indicating a number of needed
capabilities that should be met by any software product
the one or more yellow pages agents determine to be a
match for the needed capabilities;
receiving locations of one or more software products
matching the one or more capabilities needed by the
device from the one or more yellow pages agents;

selecting one of the one or more software products to install
based on automatically evaluated criteria;

downloading the selected software product using its

received location; and

installing the selected software product on the device.

12. The non-transitory machine-readable storage medium
of claim 11, wherein the identifying includes scanning the
device to determine hardware capabilities of the device.

13. The non-transitory machine-readable storage medium
of claim 11, wherein the identifying includes scanning the
device to determine an operating system installed on the
device.

14. The non-transitory machine-readable storage medium
of'claim 11, wherein the installing the selected software prod-
uct on the device further includes:

installing the selected software product in a sandbox on the

device;

performing testing of the selected software product in the

sandbox; and

determining, based on the testing, whether to complete

installation of the selected software product on the
device.



